Lumbar degenerative disc disease (DDD) is very common among the middle-aged and older populations. An intervertebral disc cannot repair itself because of a lack of blood supply; therefore, DDD shows a progressive course. 1, 2) DDD occurs due to multiple epidemiological factors, such as aging, chronic minor trauma due to bipedal positioning and genetics. Compression of the nerve root, irritation of chemical substances originating from the disc space, and subsequent spinal instability cause low back pain and/or radiating hip and radicular leg pain. The pain occurs due to degeneration of vertebral endplates, the annulus of the intervertebral disc and facet joints.
cessful results have been reported for fusion procedures, long-term complications, such as pseudoarthrosis, implant breaking or loosening and adjacent segment disease (ASD), can still occur. Furthermore, patient clinical satisfaction is not always compatible with satisfactory postoperative radiological findings. 2) Dynamic stabilization of the lumbar spine has been performed for 20 years with the purpose of either preventing the loading of the intervertebral disc and facet joint or securing the physiological segmental motion of the spine. 2) Following its first use by Graf, 3) many different techniques and materials for dynamic stabilization have been proposed. Transpedicular dynamic stabilization is the most preferred method performed by spine surgeons. There are several pedicle-based systems to stabilize the spine while allowing limited movement without fusion. It is a common practice to use hinged screws or dynamic rods separately; however, at Koc University Hospital, either semirigid systems or full dynamic systems are used in patients with single-level lumbar DDD. The aim of this study was to investigate the clinical and radiological results of posterior transpedicular single-level dynamic stabilization using 3 different dynamic stabilization systems.
METHODS

Patient Population
Patients with severe low back pain due to DDD who were unresponsive to conservative treatment and physiotherapy were included in the study. The diagnosis of DDD was based on clinical findings and lumbar magnetic resonance imaging (MRI) examinations. Severe low back pain and a single-level black disc with or without a high intensity zone exhibited by MRI was considered indicators of lumbar DDD. A total of 71 patients (32 females and 39 males) were included in the study. The patients with DDD who presented with radiculopathy were included in this study. All of these patients suffered from painful attacks for a long time before radicular findings. All patients underwent single-level posterior transpedicular dynamic stabilization between 2011 and 2014. Different dynamic systems were used: (1) the Dynesys system (n = 23; Zimmer Spine, Memphis, TN, USA); (2) the dynamic screw (hinged screw) with a PEEK rod system (n = 31; CD-Horizon Legacy, Medtronic Sofamor Danek, Memphis, TN, USA); and (3) the full dynamic system (a hinged screw with a dynamic rod [BalanC]) (n = 17; CDHorizon BalanC; Medtronic Sofamor Danek). The patients were randomly given one of the systems, not based Table 1 . DDD causes segmental instability and occurrence of pain is the ultimate result in those patients. The objective of the study was not to compare the 3 different systems but to investigate the effectiveness of dynamic stabilization designed to prevent over-motion in an unstable segment while allowing limited motion of the spine in DDD patients. Since the 3 different systems were used in the patients for the same purpose, there were no differences in indications.
Clinical Evaluation
The visual analogue scale (VAS) and Oswestry Disability Index (ODI) scores were assessed in each patient preoperatively and at 6, 12, and 24 months of postoperative followup, respectively. The VAS and ODI scores were compared among groups at each follow-up period (Table 2) . Statistical analyses were performed using the Wilcoxon signed-rank test, and p < 0.05 was considered to be significant (Table 2) . 
Radiological Evaluation
Anteroposterior (AP) and lateral standing radiograms of each patient's lumbar spine were obtained preoperatively and postoperatively at 6, 12, and 24 months of follow-up, respectively. The intervertebral space (IVS) ratio, lumbar lordosis angle (LLA), and segmental lordosis angle (SLA) were measured and the mean values of each group were statistically compared (Table 3 and Fig. 1 ).
Surgical Technique
All operations were performed under general anesthesia in the prone position. Following a 3-4 cm midline skin incision, the fascia was opened approximately 3 cm lateral to midline on both sides. The placement of screws was performed using the transmuscular approach with C-arm fluoroscopy guidance. The operation levels of patients were as follows: L2-3 (n = 2), L3-4 (n = 6), L4-5 (n = 42), and L5-S1 (n = 21).
The operation durations ranged between 45 and 90 minutes. No more than 300 mL of blood loss was detected. Neither mortality nor morbidity occurred during the perioperative period. The same operation was performed for all of the dynamic systems used (Dynesys, PEEK roddynamic screw, and full dynamic system [BalanC]) (Figs.  2-4) . 
RESULTS
The mean hospital stay was 3.4 days (range, 2 to 8 days). The mean follow-up period was 29.7 months (30.2 months for the Dynesys group; 30.6 months for the dynamic screw and PEEK rod group; and 28.3 months for the full dynamic group). The VAS and ODI scores decreased in the early postoperative period and kept decreasing at 6, 12, and 24 months of follow-up, respectively.
Clinical Outcome
The mean preoperative VAS and ODI scores for the Dynesys group were 7.3 and 67.7, respectively. The mean VAS and ODI scores decreased to 3.2 and 29.5, respectively, at 6 months of follow-up; 2.4 and 14.0, respectively, at 12 months of follow-up; and 2.0 and 12.8, respectively, at 24 months of follow-up. The decrease at each time point was statistically significant (p < 0.05). The mean preoperative VAS and ODI scores for the dynamic screw and PEEK rod group were 7.1 and 61.8, respectively. The mean VAS and ODI scores decreased to 3.0 and 29.7, respectively, at 6 months of follow-up; 2.3 and 15.4, respectively, at 12 months of follow-up; and 1.7 and 12.8, respectively, at 24 months of follow-up. The decrease at each time point was statistically significant (p < 0.05).
The mean preoperative VAS and ODI scores for the full dynamic group were 7.2 and 66.4, respectively. The mean VAS and ODI scores decreased to 2.5 and 23.7, respectively, at 6 months of follow-up; 2.2 and 14.9, respectively, at 12 months of follow-up; and 1.9 and 12.8, respectively, at 24 months of follow-up. The decrease at each time point was statistically significant (p < 0.05).
Radiological Outcome
The preoperative mean IVS ratio, LLA, and SLA for the Dynesys group were 0.3, 47.6, and 13.3, respectively. The postoperative findings for each measurement were not significantly different when compared with the preoperative values ( Table 3) .
The preoperative IVS ratio, LLA, and SLA for the dynamic screw with PEEK rod method were 0.3, 46.8, and 14.3, respectively. The postoperative values were not significantly different from the preoperative values (Table 3) .
The preoperative IVS ratio, LLA, and SLA for the dynamic screw with the dynamic rod (BalanC) method were 0.3, 42.8, and 9.8, respectively. As in the other groups, the postoperative radiological outcome was not significantly different from the preoperative values (Table 3) .
Complications
Neither misplacement of the screws, pseudomeningocele, hematoma, neurological worsening nor impaired wound healing were detected in any of the patients; therefore, no early interventions were required. No patient had a second surgery due to ASD. Postoperative infection was observed in 3 patients (4.2%), and all infected patients were treated with long-term antibiotic administration.
Screw loosening was observed in 2 patients, one in the Dynesys group and the other in the dynamic screw and PEEK rod group. The patient in the Dynesys group had screw loosening 1 year after instrumentation at the L5-S1 level. The patient in the dynamic screw and PEEK rod group had screw loosening at 2 years after instrumentation at the L4-5 level. There was also one screw breakage in the Dynesys group at the L4-5 level with L4 screw breakage at 30 months after operation. All patients with screw loosening or breakage underwent revision surgery. One patient in the Dynesys group presented with an L1 vertebra fracture because of falling; however, the L5-S1 screws and spacers remained intact. This patient underwent an L1 kyphoplasty procedure.
DISCUSSION
Lumbar spine stabilization is a major concern while managing lumbar DDD because pain, the most common symptom, is the result of segmental instability. 4) Although fusion surgery is performed with the goal of stabilization, ASD and pseudoarthrosis may result in an unstable condition at the end.
5)
Graf
3) reported on the first lumbar spine dynamic stabilization procedure in 1992. Various methods and systems have been used with the aim of stabilizing the vertebral column without fusion, which is often called motion preservation surgery. Total disk replacement, replacement of nucleus, total facet replacement, interspinous devices, and screw-rod systems are commonly used for dynamic stabilization.
Transpedicular dynamic stabilization is a common neurosurgery practice. The effects of ligament systems (Graff [Sem Co., Montrouce, France] or Dynesys), semirigid systems (combining a dynamic rod and a rigid screw or a rigid rod and a dynamic screw), and full dynamic systems (combining a dynamic [hinged] screw and a dynamic rod) were determined. In our institution, either the Dynesys system, a dynamic screw with a PEEK rod, or a dynamic screw with a dynamic rod (BalanC) have been used.
Dynamic stabilization procedure is performed with the purpose of reducing movement at an unstable motion segment without fixing it. So dynamic systems enable physiologic movement of functional segment units within the limits of neutral zone.
Several studies have reported that physiological movements and load carrying function after posterior dynamic stabilization lead healing of disk tissue; thus, rehydration begins even in patients with DDD. [6] [7] [8] DDD is a wellknown pathology that causes one level or multilevel segmental instability. Most DDD patients have only back pain without neurologic deficit. Pain comes from abnormal movement of a functional segment due to the degenerated disc. Biomechanical studies showed that even dynamic rod and dynamic screw restore loose neutral zone. 9, 10) However, posterior dynamic stabilization of patients with a black disk is more likely to reach fusion; therefore, those systems may provide a better quality of life by limiting microinstability while fusion occurs.
The Dynesys system is the most common system for lumbar dynamic stabilization worldwide. Recent reports have shown that the Dynesys system normalizes the neutral zone and controls pathological movements.
11) Successful outcomes of the Dynesys system led to the recognition of it as an alternative to lumbar fusion.
12) The dynamic transpedicular screw was first used in 1992. Although the Cosmic spinal system (Ulrich medical, Ulm, Germany) has been used with the aim of fusion of the lumbar spine, it has been shown that successful outcomes are obtained without fusion. [13] [14] [15] Safinaz (Medikon, Ankara, Turkey) is the other common dynamic screw that has been used in Turkey. This screw allows up to 20° of flexion-extension and 2° of rotation. 13) Biomechanics and finite element studies have shown successful results for both types of dynamic screws. 9, 13) The PEEK rod (CD-Horizon Legacy; Medtronic Sofamor Danek) is a dynamic connector that is more flexible than titanium. Furthermore, the PEEK rod with a silicon joint (CD-Horizon BalanC; Medtronic Sofamor Danek) has been used as a hybrid system. Dynamic lumbar stabilization together with dynamic (hinged) screw and dynamic rod is a new concept, which is called full dynamic stabilization. Biomechanically, the most appropriate devices that have better harmony with the posterior tension band of a dynamic rod are hinged screws. The most comparative results to a normal functional segment have been obtained by a full dynamic system in a cadaveric destabilized vertebra study wherein breaking and loosening of screws was shown to be less common because of reduced loading stress. 10, 16, 17) The incidence of implant failure, such as loosening or breakage, is reported to range between 2.6% and 36% after fusion surgery. 18) In our current study, 2 of the 71 patients had screw loosening, and 1 screw breakage was detected. All patients with screw loosening or breakage underwent revision surgery. The broken and loose screws were replaced with larger diameter screws.
Even though ASD can potentially occur in all patients after fusion surgery, the approximate incidence of symptomatic ASD is between 5.2% and 18%. 19) In our study, neither clinical nor operable ASD was detected after a mean of 29.7 months of follow-up. However, Schaeren et al. 20) has reported that degeneration at adjacent segments was still a problem observed in 26 patients during a 4-year dynamic stabilization follow-up period.
In conclusion, posterior dynamic stabilization is a very effective treatment modality in patients with singlelevel DDD. Several systems, including hinged screws,
